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1. Summary
| . Thiz report covers the third bi-monthly period of the engineering
lipi‘égfam; It includes a discussion of the basic module design and develop~
ment progress, and electro~mechanical design and development progress,
In addition & group of illustrations including schematics and photographs

are shown féx!nbxt‘ing progress to date,
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lu During the firet two report periods time wae devoted entirely to the
- design and ﬁ;evgloément of cubically shaped modules, After an experimental
= model system of this type was delivered to the sponsor, ha_e requested that we
: ¢hange our design approach to the development of the *smallest practical siget
o, {with flat sides) modules, This report is the first that presents information
= concerning this revised packaging scheme, Thus far at least one circuit for
; each type of basic module required for these transmitting cyatérﬁ- has been
= " : reported, These were chosen from a group of experimental circuits as the

’ most suitable fei-' the application, Therefore it becomés a matter of eliminat«
ing "bugs" and modifying these basic circuits to fit into the various systems,
i Modulation methods and the tuning indicator are still in the investigation stage
- to determine the most desirable means of accomplishing these procedures,
i
- It is hoped that when the 4th réport is submitted a complete 1/2 watt basic
o module system will have been submitted for acceptance,
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3,  Basic Module Design and Development

3.1 RF Circuits
3.1,1 Crystal Controlled Oscillator

Minor changes have been made in the tf oscillator that was pre-
vicusly reported, The most significant of these being the redesign of
transformer T1 in Figure. 1. This circuit is capable of delivering 25 mw
to a 50 ohrn load from 3Mc to 7.5 Mc, The waveform is essentially free of
distortion, Its efficiency decreases from 35% at the 3 Mc end to 19% at the
7.5 Mc end, A packaged module of this circuit is exhibited to the right
of the postage stamp in Figure 1l. A completely encased unit with the
erystil inserted lies in the upper left corner of Figure 14, This oscilla-
tor has been temperature tested from «50°C to +60°C, its powezr output
varies only slightly, and its frequency change can be attributed to the
temperature characteristic of the crystal unit, Preliminary keying teste
on the oscillator have revealed no serious defects in this method of keying,
Application of this technique should result in the ennﬁnation of the oscillator,
radiation problem that was noted in the first experimental model Al system
where the power amplifier was keyed and the oscillator was operating
continously,

An oscillator similar to this one is being designed and developed

to deliver approximately 25 mw to a 50 ohm load from 7.5 Me to 15 Mc,
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3,1.2  Untuned Powetr Amplifier for the 1/2 Watt Systems

Two major changes have been made in the design of the 1/2 watt
power amplifier. The first is the replacement of the 5639 tube with a
5902A. The 59G2A characteristics are more suitable for Class Al power
amplifier service, Its grid can be driven with a much lazger peak tc peak
voltage; therefore the design of the input circuit becomes less critical, and
there is less possibility of grid "over«drive" distortion, The oulput trans-
former tuning is eliminated by utilizing a wide baud transformer. A low-
pass filter is attached to the output to reduce 2nd harmonic distortion,
With the oscillator of Figure 1 as a driving source, the zf output into a
50 ohm load is 0, 75W at 3Mc and 5Mc, and reaches a maximum of 1, 0W
at 4Mc. The plate efficiency of this circuit varies from 23 to 30% depend~
ing on the operating frequency. The high filament power requirement {2.84W)
reduces the overall efficiency to 12.2 to 16,3%., There is little chance of
increasing these efficiency figures greatly for this type of design since the
limiting factors are high filament power {inherent in beam power pentcdes
necessary for the circuit), and low plate efficiency {inhezent in Class Al

_ service),

3,1,3 15 to 30 Mc Doubler-Amplifier for the 1/2 Watt Systems

The schematic diagram of a 15 to 30 Mc Doubler-Amplifier is
shown in Figure 3. This circuit includes a 15 to 30 Mc frequency-doubler

that can be driven by a 7.5 to 15 Mc oscillator similar to the one of Figure 1.
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It wsn ‘prqd'uce encugh power when C2 is tuned pro_pe'rly to drive the power
output stage VZ, Stage V2 will deliver more than 0, 75W at the output into
50 ohms from 15 to 30 Mc if C5 is tuned properly. T1, T2, and T3 are
miniature toroidal transformers, C2 and C5 are specially designed mini-
ature variabiedte:ﬂon capacitors {see Section 4, 3), This circuit operates at
an overall efficiency of_‘appl"oximateiy 14%. This poor efficiency can be
attributed to the very low doubler efficiency., The basic module package
is being constructed, |
3.1.4 Power Amplifier for the 5 Watt Systems

Several breadboard circuits have been tried in order to determine
the optimum design for the rf power amplifier for the 5 watt systems, The
tube used in the first breadboard was the Sylvania experimental ceramic
metal tube type SN2146B, Fifteen of these tubes were obtained from
Sylvania as G. ¥. E. This tube is quite similar to a &6 AQS electrically,
but physically is much smaller and much mote rugged, Its construction
was described recently in the October, 1957 issue of "Electronics®,
Circuit design was hampered by the lack of operational data. It was deter
mined that this tube is unsuitable for class "C" rf service. It has excessive
control grid to plate capacitance which makes neutralization necegsary,
‘it also has a tendency to draw exceasive screen current when operated at
high peak plate currents, This characteristic is typical for this type of tube,
In order to allow increased dissipation rating, and to overcome sc¢reen

. cutrrent difficulties the SN2146B was tested in a triode connected circuit,

B

Declassified in Part - Sanitized Copy Approved for Release 2014/04/03 : CIA-RDP78-03330A004200050003-3



Declassified in Part - Sanitized Copy Approved for Release 2014/04/03 : CIA-RDP78-03330A004200050003-3

= Althgugh‘ triode cperation eliminated scme of the problems encountered in
pentode cperation, to obtain sufficient power ocutput a greatly increased
grid drive was necessary,

! As an alternate approach a 1ZAU7 with two halves tied in parallel

wae used in a breadboard circuit, This circuit was placed in a modular

package 2-174" x 133/4 x 1-1/4", This unit verified that crowding
components inside a metal enclosure does not drastically affect ¢ircuit
performance if toroidal tank coils are utiiized.

Although the SN2146B breadbeards and the 12ZAU7 unit would
deliver 5 watts or more at the antenna terminals of the antenna coupler,
they required precise adjustment with the tubes operating at their maxi-
mum ratings., To provide 5 watts with less critical adjustment and more
conservative operation two SN2146B's connected in parallel resulted in the
circuit of Figure 4, This circuit has performed satisfactorily from 3 to
6 Mc and at 30 Mc, A modular package of this circuit can be seen on .
Figure 13,

o, The two most severe problems to be solved in packaging this
circuit in an extremely small case are the design of reliable miniature
variable tuning capacitors, and controlling the distribution of heat for

reliable operation,

Two additional tubes are (¢ be investigated to complete experi-
mentation with this circuit., The first is the RCA 6417, It is a low cost
nonepremium transmitter tube in a 2«3/8'" T6 1/2 bottle and should re=

sult in higher overall operating eficiency. The second is the G. E. 5686,

. wheo
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operating clags-B pushepull. The 1 watt output is more than enoungh to
plate modulate the 1/2 watt #f power amplifiets 100%.

‘The use of a class-A single ended transistor stage is under con~
sideration in place of the class-B pushpull stage, This would result in
poorer efficiency, but would make the transformer design problems less

critical,
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’ 4, Electro~Mechanical Design and Development
4.1 Miniature Switch |

The switch shown in Figure 17 has been designed to switch induct-
ance and capacitors in the antenna coupler network, It is nearing completion
of development, Designed around an epoxy glass etched single pole 12 posi-
tion switch plate, it measures 3/4" x 3/4" x 7/16", It has a recessed
slotted shaft for screwdriver control,
4.2 Miniature Hand Key

The design of the miniature hand key has been finalized, It is
shown in Figure 12 as a component of the 1/2 watt basic module Al system.
In Figure 16 it is mounted on the inside surface of the hinged cover of a
1-1/2" cubical case. Figure 16b shows the cover closed. Figure léa
shows it in an open operating paait_i;on. A small slide latch is provided to
hold the key cove# in a closed positien, When the laich is opened the key
cover is pulled down and locked in the operating position by spring ibaded
slotted hinges, The locks are released by depressing them with twh fingers,
and the cover can be pushed back and latched, |

This key incorporates all of the features of & standard hand key
such as the one on the right of Figure 12, It has been approved aund accepted
by the sponsor. |
4,3 Miniature Variable Capacitor

At an early stage it was realized that a miniature highly reliable

and stable wide range tuning capacitor would be a neceasary component for

wiah
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5. . éompouents and Materials Evaluaticn
5.1 General

. Two problems concerning electronic components arise in micro-
miniature design that are practically non-existent in standard size design,
These are labelling on the part of the manufacturer, and handling and ease
of usage on the part of the user, Labelling becomes more difficuit as the
size decreases, 5o does handling and usage, Poor or illegible labelling
can result in the selection of incorrect values from a parts bin, Ilumine
ated magnifers are very helpful in reading numbers, letters, or colors on
components and counting turns cn small single layer transformers, thereby
reducing the possibility of placing incorrect values in assembled packages,
If incorrect values are placed in final packages replacement becomes very
tirne consuming and therefore very costly, It also becomes increasingly
more difficult to §reaerve the neatness of an extremely small electronic
package because there is little or no room to work with tools once the
units are aseembled, Compenents such as resistors, transistors, and
tiny transformers demand extremely eautious handling., Solid transistor
leads will break off where they enter the transistor housging if they are
flexed too cften, Tiny transformer leads will pull loose from the transe
former body if an excéssive pull force is applied to them, The bodies of
small 1/4 w and 1/10 w resistors fracture more easily than the conventional
1/2 w types. Ferrite materials are fractured easily by severe mechanical
shock, Their electrical characteristics can also be altered by severe thermal

and mechanical shock,

wlle
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